In 2008-2011, at the Research Institute of Horticulture in Skierniewice, Poland seven genotypes of Prunus armeniaca L., designated MN-1, MN-2, MN-4, MN-6, MN-46, MN-53 and MN-59, were evaluated for use as trees to provide seeds for the production of generative rootstocks for apricot cultivars. The study was conducted on trees growing in the Experimental Orchard in Dąbrowice (central Poland). The best as seed trees proved to be genotypes MN-4 and MN-46. Their flower buds are resistant to frost, the flowers are well able to tolerate spring frosts, and the trees yield regularly and produce a lot of small fruit. Trees of these genotypes are also characterized by a relatively low growth vigour and produce seeds with a high germination capacity. The results indicate that genotypes MN-4 and MN-46 are very suitable for harvesting seeds for the production of generative rootstocks for apricot cultivars in countries located in the seasonally cold regions of the temperate climate which represent the northernmost extent of apricot cultivation.
Introduction
The apricot (Prunus armeniaca L.) is an important species of fruit plants cultivated on a large production scale in the temperate climate zone. In recent years, global production of apricots has been at a fairly stable level of about 3.5 million tonnes of fruit (FAO, 2011) . Various varieties of apricot are cultivated around the world; the rootstocks used for these cultivars are primarily generative rootstocks, most often seedlings of P. armeniaca, and, to a lesser extent, P. cerasifera Ehrh. (Southwick & Weis, 1998; Indreias, Stefan, & Dutu, 2004; Orero et al., 2004) . In many countries where apricots are grown on a large scale, such as Italy, France, Iran, Syria, Turkey and China, one can come across commercial apricot orchards with trees grafted on rootstocks produced from seeds of local wild apricot trees (Rom, 1991; Vachun, 1995; Chokoeva & Marinov, 1999; Geuna, Toschi, & Bassi, 2003) . In some countries, seedlings of cultivated varieties, such as 'Veecot' and 'Haggith' in Canada or 'Manicot' in France, are also used as rootstocks for apricot (Jakubowski, 2004) . Because of the variety of generative rootstocks used in the cultivation of apricot and various drawbacks associated with them, many breeding centres around the world are conducting research on obtaining special seed genotypes of apricot whose seeds can be harvested and used to produce generative rootstocks suitable for the cultivated varieties of apricot. Such types have already been selected in the Czech Republic, Hungary and Germany (Jakubowski, 2004) .
In Poland, the rootstock commonly used in the cultivation of apricot is the Myrobalan plum (P. cerasifera). Myrobalan seedlings as rootstocks for cultivated varieties of apricot are also used in Bulgaria, the Czech Republic, France and Hungary (Audergon, Duquesne, Nicolas, & Caudubert, 1991; Suranyj, 1999; Dimitrowa & Marinov, 2002) . However, the Myrobalan plum, apart from many advantages, such as being well adapted to Polish soil and climate conditions, produces symptoms of incompatibility with many cultivated varieties of apricot (Grzyb, Zdyb, & Sitarek, 1996) . As a result, trees of the cultivars grafted on it yield poorly, and often die prematurely or break in a strong wind (Jakubowski, 2004) . In addition, the Myrobalan plum as a generative rootstock produces numerous root suckers, which make weed control in the orchard difficult and are feeding sites for aphids, the known vectors of the Plum Pox Virus that causes the sharka disease. By contrast, apricot seedlings do not have these disadvantages. Used as rootstocks for apricot cultivars, they are highly compatible with most of the cultivated varieties of apricot (Vachun, 1995) and do not produce root suckers (Southwick & Weiss, 1998) . For that reason, the Research Institute of Horticulture in Skierniewice, Poland, has been engaged over the last years in conducting research on the selection of genotypes within the P. armeniaca species that could serve as seed trees to supply seeds for the production of generative rootstocks for apricot cultivars.
Apricot seed trees should bear fruit regularly and abundantly, that is, produce annually a large number of fruit, which are the source of stones (seeds) for the production of generative rootstocks. However, in a climate where there are harsh winters, i.e. in countries such as Poland, Canada, Russia, Latvia, Belarus, flower buds of apricot trees are often damaged by low subzero temperatures (Szymajda, Pruski, Żurawicz, & Sitarek 2013) . As a consequence, after some winters, apricot trees yield poorly, or even do not produce any fruit (seeds) at all. Therefore, in order to ensure annual fruiting of seed trees and continuity in the supply of seeds for the production of generative rootstocks, apricot seed orchards in countries located in colder regions of the temperate climate should be established with genotypes sufficiently well adapted for cultivation in those regions. For that reason, one of the main directions of apricot breeding in Poland, which, like Canada, is the northernmost country for apricot cultivation, is the selection of seed genotypes that can reliably supply seeds for the production of generative rootstocks in a seasonally cold climate. In countries with such a climate, apricot trees should be able to tolerate injuries to flower buds caused not only by low subzero temperatures during endodormancy but also by temperature fluctuations during ecodormancy, as well as be tolerant to spring frosts that can damage buds and flowers before and during flowering.
The harvested seeds should have a high germination capacity. However, apricot seeds, like the seeds of other species of trees of the genus Prunus, after extraction from the fruit are incapable of germination because they are in a state of deep physiological rest (Suszka, 1962) . The seeds attain the capacity for germination only after some time, during post-harvest maturation that occurs during a treatment called stratification. During the treatment, seeds are kept in an environment with the right temperature, humidity and oxygen supply (Suszka, 1962 (Suszka, , 1967 Duczmal & Tucholska, 2000; Jakubowski, 2004) . The optimum temperature for apricot seed stratification is in the range between +2 and +4°C. At a temperature of about 0°C and above +6°C, the dose of chilling needed to overcome the resting phase is accumulated by seeds more slowly and germination is delayed (Jakubowski, 2004) . According to Suszka (1967) , the period of stratification until germination of the first apricot seeds is from 77 to 98 days, while Fadl, Bass, and Tayel (1978, as per Polat, 2007) obtained the best seed germination rate in the 72nd day of stratification. Jakubowski (2004) reported that apricot seeds require at least 50 days of stratification, the duration being dependent on the genotype of the seeds. Knowing the length of the stratification period required to break the internal resting of seeds is essential in nursery practice. On the basis of it and the planned date for sowing seeds in the nursery, the date to commence the stratification treatment is determined.
The aim of this study was to evaluate the suitability of trees of several genotypes of P. armeniaca for use as seed trees to supply seeds for the production of generative rootstocks for apricot cultivars and to assess the capacity of the harvested seeds for germination.
Material and Methods

Experimental Site and Plant Material
The study was conducted 
Flowering and Fruiting of Trees
Flowering time (full bloom) -determined as the date when about 50% of the flower buds on the tree had reached the fully open flower stage.
Fruit ripening time -this date was determined on the basis of the change in skin colour on the fruit from green to white or yellow in about 10% of the fruit, the accompanying softening of the flesh and the ease of separation of the stalk from the fruit-bearing shoot.
Intensity of flowering and fruiting -assessed on a 1-9 point scale, where: 1 -no flowering or fruiting, 3 -poor flowering or fruiting, 5 -moderate flowering or fruiting, 7 -abundant flowering or fruiting, 9 -very abundant flowering or fruiting.
Mean fruit weight (g) -determined as the average weight of one fruit based on 4 samples of ripe fruit, each consisting of 20 apricots. The samples were taken at fruit ripening time, randomly from four trees, at half their height, from the outer part of the crown.
Method of obtaining stones -the stones for testing were collected successively from ripe fruit fallen to the ground, showing no signs of decay. The remains of the flesh were removed by repeatedly washing the stones under running water. Stones floating on the surface of water (indicating a poorly developed seed) were eliminated. The stones were subsequently dried at room temperature and after drying were stored in paper bags in room conditions. Weight of one dried stone (g) -determined on the basis of 5 samples of 20 stones each. The samples were taken at random from a batch of stones within each genotype, prior to stratification.
Number of stones obtained from one tonne of fruit -calculated by dividing the weight of one tonne in grams (1,000,000 grams) by mean fruit weight in grams.
Number of dried stones per one kilogram -expressed as the ratio of the weight of one kilogram in grams (1,000 grams) and the weight of one dried stone in grams.
Seed Germination
Germination capacity -expressed as the percentage of seeds germinated during stratification in relation to the total number of stones stratified within each genotype. Each seed genotype (experimental combination) was represented by five replications, each being a bag containing 100 stones. Prior to stratification, in mid-January of each year of the study, the stones were disinfected with 0.5% solution of the fungicide Captan 50 WP (suspension, 50% captan) by soaking for 24 hours. Disinfected stones were mixed with a moist substrate in a 1: 3 ratio by volume (one part stones to three parts substrate). The substrate was a mixture of peat and sand in a 3:1 ratio by volume (three parts peat to one part sand). The stones mixed with the substrate were packed in plastic bags, in which holes had been made beforehand to ensure air supply, and subjected to stratification. Bags with stones to be stratified were placed in an incubator for seed germination at a temperature of about +4°C. The first inspection of the stones, in order to ventilate and check soil moisture, was carried out after 20 days, and the second after 40 days from the beginning of stratification. Subsequent inspections were conducted every 10 days; during the inspections stones with germinating seeds were taken out and counted. Seeds were considered germinated if the stone was cracked and a 5-10 mm long radicle was visible.
Tree Growth Vigour
An assessment of this characteristic of seed trees was undertaken only in the autumn of 2011 by measuring the circumference of the trunk at a height of 30 cm above the ground. On this basis the trunk cross-sectional area (TCSA) of the seed trees was calculated.
Weather History
During the winter months (December-March) (Figure 1a-c) and in the spring (April-May) (Figure 2a-c) , minimum, maximum and average air temperatures were recorded at a height of about 1.8 metres above the ground. In the months of April to August (every year), average monthly temperatures and total monthly rainfall were recorded (Table 1) . 
Statistical Analysis
Experimental data were statistically analysed by R.A. Fischer's analysis of variance. Differences between means were assessed with Duncan's t-test at a 5% level of significance.
Results and Discussion
Flowering and Fruiting of Trees
Despite the fact that a drop in temperature down to -23. (Table 2 and 3) . According to Szabo, Soltesz, Buban and Nyeki (1995) , extensive winter injuries to flower buds of apricot trees in Hungary occur when the temperature drops to -26°C in January, -22°C in February, and -16°C in March. In Poland, substantial damage to apricot flower buds, amounting in some genotypes to more than 90%, already occurs when the temperature in February drops to -20.1°C (Jakubowski, 2001 ). The authors' own studies have shown that severe freezing of apricot buds during January frosts occurs when the temperature falls to -23.0°C. However, this is not a common rule. During some winters, when trees are in a state of endodormancy, some flower buds are able to withstand a temperature drop even down to -28.0°C (Szymajda et al., 2013) . This indicates that the degree of damage to flower buds of apricot trees is dependent not only on the large drop in temperature but also on temperature fluctuations during winter and the different response of cultivars to winter frosts. During the three years of genotype evaluation, spring frosts were also recorded ( Fig. 2a-c) . The largest temperature drops in the spring occurred on 20 April 2009 (-4.0°C) and 25 April 2010 (-2.5°C). Literature data indicates that a temperature drop to -2.2°C during full bloom may already be critical for apricot flowers (Rogers & Swift, 1970 , as per Gunes, 2006 . In our experiments, the frost events occurred when the evaluated genotypes were in full bloom (2009), or a few days after full bloom (2010) ( Table 2) , so their flowers were highly exposed to severe frost damage. In spite of that, trees of genotypes MN-4 and MN-46 blossomed profusely and set fruit well (Table 3) , which is a clear indication of a high resistance of their flowers to spring frosts, as well as of their ability to set fruit in unfavourable temperature conditions. 3 -* 1-9 point scale (1 -no fruiting, 3 -poor fruiting, 5 -moderate fruiting, 7 -abundant fruiting, 9 -very abundant fruiting.
In addition to regular fruiting, what is also important in the case of seed genotypes of apricot is the number of fruit harvested, which translates into the number of seed-containing stones. Therefore, apricot seed trees are not expected to produce large fruit, but a large number of preferably small fruit (Indreias & Trandafirescu, 1999) . In our study, this condition was fully met by genotypes MN-4 and MN-46, which produced fruit with an average weight of 16.7 g and 17.3 g, respectively. They were almost 50% smaller than the fruit of genotypes MN-1 (32.3 g) and MN-2 (31.3 g), which produced the largest fruit (Table 4) . Production of small fruit makes it possible to obtain a large number of stones (seeds) from the harvested fruit crop. It was thus calculated that from one tonne of fruit of genotypes MN-4 and MN-46 it is possible to obtain 66 752 and 64 408 stones, respectively, which is more than twice as many as, for example, from one tonne of fruit of genotypes MN-2 and MN-1, from which one can get 33 296 and 32 187 stones, respectively (Table 5 ). This indicates that of all the genotypes under evaluation, genotypes MN-4 and MN-46 would give the highest yield of seeds from a seed orchard. (Layne, Catherine, & Hough, 1996; Bassi, Masia, & Lugaresi, 1999; Dimitrowa, 2000; Kramarenko, 2006 (Table 6a -c). Layne et al. (1996) and Dimitrowa (2000) have reported that the seeds of early-ripening apricot cultivars generally germinate at a lower rate than the seeds of cultivars maturing later. Noteworthy, then, is the fact that the seed trees of genotypes MN-4 and MN-46 studied by us produce seeds with a high germination capacity although they are characterized by an earlier fruit ripening time than genotypes MN-1, MN-2, MN-6 and MN-59 (Table 3) . As the results in Tables 6a-c show, the seeds of the evaluated apricot genotypes began to germinate after 50 days of stratification, but the most seeds germinated between day 70 and day 90 of stratification. After that period, not many seeds germinated. Seed germination after a similar period of stratification was also obtained by Jakubowski (2004) . As already mentioned, knowing the optimal length of the stratification period for apricot seeds is very useful in nursery production. On its basis it is possible to set the time for subjecting seeds to stratification depending on the planned date of sowing them.
Tree Growth Vigour
Measurements of the trunk circumference showed that genotypes MN-59, MN-46, MN-53 and MN-4 are characterized by a lower growth vigour, as expressed by the trunk cross-sectional area, than genotypes MN-1, MN-2 and MN-6 (Table 7) . It can therefore be assumed that the rootstocks for apricot cultivars obtained from the seeds of the trees with a lower growth vigour will also be characterized by weaker growth. This would be a very valuable advantage of these rootstocks. Similar dependencies have been observed with generative rootstocks for peach. Rootstocks obtained from the seeds of the peach cultivar 'Syberian C' have a lower growth vigour than rootstocks obtained from the seeds of a local peach variety 'Rakoniewicka', which has a higher growth vigour than 'Syberian C' (Jakubowski, 2000) . In relation to apricot, however, this aspect requires additional research, which will be undertaken in the near future. 
